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Abstract 
Purpose: To evaluate the anti-osteoporotic effect of G. macrophylla extract in a mice model.  
Methods: Antioxidant activity was determined by 2, 2-diphenyl-1-picrylhydrazyl (DPPH) for radical 
scavenging, nitro-blue tetrazolium (NBT) reducing, and ferric reducing antioxidant power (FRAP) assays 
using standard biochemical procedures. The expression of some bone-related genes was measured by 
quantitative real-time polymerase chain reaction (qTR-PCR). Phytochemical analysis was carried out by 
liquid chromatography-mass spectrometry (LC/MS). 
Results: The extract exhibited strong antioxidant activity as evident from DPPH, NBT and FRAP data, 
with half-maximal inhibitory concentration (IC50) values of 275, 262 and 180 µg/ml, respectively. The 
antioxidant activity was concentration-dependent. The results showed that the extract restored bone 
characteristics by suppressing bone resorption through induction of expressions of several bone-
associated genes. The results from phytochemical analyses showed the presence of loganic acid, 
swertiamarin, sweroside, gentiopicroside, gentesin and isogentesin. 
Conclusion: These results indicate that the extract may be beneficial in the treatment of osteoporosis. 
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Osteoporosis is one of the bone degenerative 
disorders associated with high bone fragility and 
lower bone mass often leading to bone fractures 
[1]. It has been reported that the incidence of 
osteoporosis increases with increase in age, 
which implies that the disease is more common 
during old age [2]. Currently, the main option for 
prevention of osteoporosis is hormone 
replacement therapy (HRT). However, with 
advancements in science and technology, HRT 
has now been reported to be associated with risk 
of development of breast and ovarian cancers in 
post-menopausal women [3–5]. Therefore, there 
is a need to develop alternative, effective, 
efficient and more viable treatment options for 
osteoporosis. In this context, it is believed that 
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Chinese herbal medicine may prove beneficial in 
treatment and management of osteoporosis. 
 
Gentiana macrophylla belongs to family 
Gentianaceae and it is considered an important 
medicinal herb. It is popularly known as “Qin 
Jiao” and it is abundant mostly in China and 
Siberia. The roots of G. macrophylla taste bitter 
due to the presence of some phyto-constituents. 
Studies have shown that G. macrophylla extracts 
possess laxative properties, and its ethanol 
extract exhibits broad range antimicrobial activity 
[6]. Often, G. macrophylla, is used in combination 
with other Gentiana species for maintenance of 
healthy sinus, and for treating rheumatoid 
arthritis and osteoporosis [7]. The plant is also 
used in Chinese herbal medicine for the 
management of diabetes, osteoporosis and 
rheumatism [8].However, till date, the use of G. 
macrophylla in the prevention of osteoporosis 
has not been validated scientifically. This study 
was therefore designed to evaluate the potential 
of G. macrophylla for prevention of osteoporosis. 
Moreover, phytochemical analysis of the extract 
was carried out to putatively identify the 
phytochemical constituents potentially 




Collection of plant material and preparation 
of extract 
 
The roots of G. macrophylla were harvested from 
their natural environment in Dongli District, 
Tianjin, China. The plant material was identified 
by Teng Gong at Post-doctoral station, Tianjin 
Medical University  and a voucher specimen was 
deposited in Tianjin Medical University herbarium 
(voucher no. TMU/GM/09854/2016). The roots 
were dried at room temperature, ground to a fine 
powder (10 kg) and then extracted at least 3 
times with 90 % methanol. The extract was then 
concentrated under vacuum to yield the final 
extract weighing 2.5 kg. The extract was stored 
at 4 οC prior to further usage. 
 
Evaluation of antioxidant activities  
 
The antioxidant activities of the methanol extract 
of G. macrophylla were assessed through DPPH 
radical scavenging, NBT reduction, and FRAP 




Three month-old female virgin mice were 
obtained from Tianjin Medical University. The 
animals were kept in well-ventilated rooms with 
controlled setting of light/dark cycle, temperature 
of 24 ± 2 oC and humidity of 40-60 %. The study 
was approved by the Animal Ethics Committee of 
Tianjin Medical University under approval 
number C24/TJM/0987/2016. International 
guidelines were followed in carrying out the 
animal studies [10]. The mice were subjected to 
either laparotomy or closure (n = 20), or 
laparotomy followed by bilateral oophorectomy (n 
= 30).  They were divided into five groups. Mice 
that underwent laparotomy and closure formed 
Group I (received normal saline, n = 10) or 
Group II (which received 300 mg/kg of the 
extract, n = 10), while those that underwent 
laparotomy and bilateral oophorectomy formed 
Group III (given normal saline). Group IV mice (n 
= 10) were given 150 mg/kg of the extract, while 
Group V mice (n = 10) received 300 mg/kg of the 
extract. To ensure that the mice received the 
proper dose of the extract, the extract was 
administered via a gastric tube. After 12 weeks of 
extract administration, urine was collected and 
then the mice were sacrificed by deep 
anesthesia with isoflurane. Blood was also 
withdrawn and serum was isolated from the 
blood as described previously [11].The tibias and 
uteri were excised and stored at −80 °C for 
further investigation. 
 
Serum and urine analysis 
 
The serum and urine analysis of the mice from all 
groups were carried out in line with standard 
protocols.  Alkaline phosphatase (ALP), serum 
calcium (Ca), phosphorus (P) and urine Ca, P 
and creatinine levels were determined as 
reported previously [12]. 
 
RNA isolation and RT-PCR 
 
Total RNA was isolated from the tibia by TRIzol 
as per the manufacturer’s instructions, and cDNA 
was synthesized by cDNA synthesis (Invitrogen) 
using 3μg of the isolated RNAs in 20 µL reaction, 
with random primers. The Rt-PCR reaction 
conditions were: one cycle at 95 oC for 4 min, 27 
cycles at 95 οC for 40 sec, 55 οC for 30 sec, and 
72οC for 40 sec. The primers used in the study 




Phytochemical analysis was carried out by 
dissolving the extracts in methanol and filtering 
through nylon HPLC filters (0.22 μm).Liquid 
chromatography–mass spectrometry(LC/MS) 
apparatus Nexera UHPLC (130 MPa) connected 
to Shimadzu MS-8030 was employed for this 
study. Enable RP-C18 column (250 mm × 4.6 
mm, 5 μM) was used and the injection volume 
was 2.5 μL at a flow rate of 0.3 ml/min.  Mobile 
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phase A was water and acetonitrile in a volume 
ratio of 1 : 1, while mobile phase B was acetic 
acid (0.1 %).The initially column temperature was 
75 °C. The mass chromatograms were obtained 
in both positive and negative ionization modes. 




Data are presented as mean ± SD. Statistical 
analysis was done with Student’s t-test and 
differences were considered significant at *p < 




Antioxidant activity of G. macrophylla extract 
 
The results of this study revealed that in all the 
three assays G. macrophylla exhibited significant 
antioxidant activity. This antioxidant activity was 
also found to exhibit a dose-dependent trend 
(Figure 1 A to 1 C). At 500 µg/ml, the inhibition of 
the extract was 75 % in case of DPPH assay, 
while for NBT assay, the inhibition was 72 %. In 
the FRASP assay, the absorbance increased 
from 0.36 at 100 µg/ml, to 0.94 at 500 µg/ml, 
indicating the antioxidant potential of the extract. 
The IC50 values of the extract for DPPH, NBT 
and FRAP assays were 275, 262, and 180 µg/ml, 
respectively.  
 
Effect of G. macrophylla extract on body 
weight, uterus index, and some serum and 
urine parameters 
 
The results indicated that there was significant 
weight gain in group III mice, when compared to 
the group I mice (Table 1), while there was no 
significant difference between the weight of 
control (group I) mice and control mice receiving 
the 300 mg/kg extract (group II). However, in 
groups IV and V mice which received 150 and 
300 mg/kg of the extract, significant reduction in 
weight was seen, when compared to the model 
animals (group III). Interestingly, the uterus index 
was significantly lower in group III group, when 
compared to group I (Table 1). However no 
significant changes were observed in group I 
mice. Administration of extract at doses of 150 
mg/kg (group IV) and 300 mg/kg (group V) led to 
a significant increase in uterus index. In addition,   
ovariectomy of the mice (group III) augmented 
urinary calcium .excretion and serum ALP level. 
This was in tandem with reduction in serum Ca 
and P levels, when compared to the sham group 
(group I). However, administration of 150 and 
300 mg/kg of the extract reversed the 
ovariectomy-induced changes in serum Ca and P 





     
Figure 1: Antioxidant activity of methanol extract of G. macrophylla by (A) DPPH assay; (B) NBT assay, and (C) 
FRAP assay. The assays were carried out in triplicates and the values were considered significant at *p < 0.01, 
**p < 0.001 and ***p < 0.0001 
 
Table 1: Effect of G. macrophylla extract on uterus index, serum ALP, and serum and urinary levels of Ca and P. 

















I 1.7 ± 0.05 3.1 ± 0.04 70.4 ± 3.21 10.3 ± 0.51 9.1 ± 0.75 0.27 ± 0.02 4.53 ± 0.22 
II 1.6 ± 0.03 3.2 ± 0.02 68.4 ± 2.78 10.6 ± 0.76 9.0 ± 0.66 0.25 ± 0.01 4.55 ± 0.32 
III 2.5 ± 0.07 1.4 ± 0.05 90.1 ± 4.10 7.6 ± 0.55 7.4 ± 0.34 0.38 ± 0.01 5.71 ± 0.44 
IV 2.1 ± 0.04 2.2 ± 0.03 78.3 ± 3.64 8.4 ± 0.95 8.2 ± 0.42 0.32 ± 0.02 4.87 ± 0.54 
V 1.8 ± 0.03 2.4 ± 0.06 74.5 ± 2.76 9.1 ± 0.80 8.7 ± 0.52 0.29 ± 0.01 4.62 ± 0.43 
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macrophylla extract administration at both doses 
significantly reduced serum ALP level in the OVX 
mice (Table 1). Furthermore, administration of 
the extract significantly (p < 0.05) decreased the 
urinary Ca and increased serum Ca level. 
 
Effect of G. macrophylla extract on the 
expression of bone-specific genes 
 
The results of this study revealed that the 
expression levels of Cbfa1was down-regulated 
whereas the expression of Ctsk was up-
regulated in tibia of mouse in response to 
ovariectomy. However administration of 150 and 
300 mg/kg extract doses (groups IV and V) led to 
significant (p < 0.01) enhancements in the 
transcript of Cbfa1, and suppression of Ctsk 
mRNA expression in mouse tibia in response to 
ovariectomy (Figures 2A and 2B). The results 
indicate that administration of extracts at doses 
of 150 and 300 mg/kg reversed OVX-prompted 
changes in the expression of OPG/RANKL in 
tibia (Figure 2B). 
 
Phytochemical analysis of G. macrophylla 
extract 
 
To gain understanding about the phyto-
constituents of G. macrophylla that nay be 
potentially responsible for its protective effects, 




Figure 2: Effect of G. macrophylla extract on the 
expression of: (A) Ctsk, (B)Cbfa1, and 
(C)OPG/RANKL as determined using quantitative RT-
PCR. Data are presented as mean ± SD. The values 
were considered at *p < 0.01 G3 vs G1 and #p < 0.01 
G3Vs G4. G1 to G5 represent groups 1 to 5 
 
Following literature survey and m/z ratio, six 
compounds were putatively identified. These 
included loganic acid, swertiamarin, sweroside, 





Figure 3: LC/MS chromatogram of the methanol 
extract of G. macrophylla.Peaks1-6 were tentatively 




Figure 4: Structure of the compounds identified by 
LC/MS analysis. The peak numbers are as per 




Osteoporosis is a one of the lethal bone 
degenerative diseases which cause bone fragility 
[1]. Reactive oxygen species (ROS) have been 
implicated in the onset and development of 
different diseases and disorders including 
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osteoporosis. Currently, there are limited 
treatments available for osteoporosis, but these 
treatments are associated with lots of side 
effects. In this context, Chinese medicine is 
believed to be beneficial in the treatment of 
osteoporosis [14]. This study was therefore 
directed towards evaluation of the protective 
effects of G. macrophylla in experimental mice 
models of osteoporosis. Since ROS have been 
implicated in the etiology of osteoporosis, the 
antioxidant activity of the extract was evaluated 
through three different assays [15]. The results of 
the study indicated that G. macrophylla exhibited 
antioxidant activity in all the three assays viz 
DPPH, NBT and FRAP. These results are in 
agreement with previous reports wherein several 
Gentiana spp. were shown to exhibit antioxidant 
activities [16].  
 
The effect of G. macrophylla was also evaluated 
in vivo in mice models and it was observed the 
G. macrophylla extract reversed the ovariectomy-
induced alterations in blood and serum 
composition. Several plant extracts have been 
reported to cause such effects in vivo in 
osteoporosis mice models [17].In addition, the 
extract also caused alterations in the expressions 
of several bone associated genes. It was 
observed that G. macrophylla extract enhanced 
the transcription of Cbfa1 mRNA and cathepsin K 
mRNA, and increased the ratio of OPG/RANKL 
mRNA expression in the tibia. The results are 
well supported by a previous study wherein 
Sambucus williamsii exhibited similar effects [18]. 
The results of LC/MS analysis showed the 
presence of several compounds which may be 
potentially responsible for the protective effects 
of the extract. These results are consistent with 




Methanol extract of G. macrophylla was found to 
exhibit significant antioxidant activity. In vivo 
studies showed that this extract exerted 
protective effects in mice model of osteoporosis. 
Therefore, G. macrophylla extract may be 
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